1. Introduction
===============

The beach chair position (BCP) is commonly used for arthroscopic shoulder surgery. It has several advantages compared with a lateral decubitus position, such as good visualization of the surgical field, reduced traction neuropathy, and ease of conversion to an open surgery.^\[[@R1]\]^ However, the BCP is frequently associated with increased hemodynamic instability, such as hypotension, bradycardia,^\[[@R1]\]^ and cerebral hypoperfusion.^\[[@R2]\]^

There are many challenges in preventing intraoperative hypotension during the BCP. Application of compression stocking^\[[@R3]\]^ and vasopressor infusion^\[[@R4],[@R5]\]^ can be helpful to prevent hypotension during the BCP. Arginine vasopressin, a strong vasoconstrictor, is effective in preventing hypotension during the BCP, but it causes a significant decrease of brain oxygenation.^\[[@R4]\]^

Phenylephrine, an α-adrenergic agonist, is widely used for treatment of hypotension during perioperative periods.^\[[@R6]\]^ It is more commonly used as a first treatment of choice of intraoperative hypotension than vasopressin in our institution. Intravenous infusion of phenylephrine (1.5 μg/kg/min) before being placed in the BCP was effective in reducing the incidence of hypotension for shoulder surgery.^\[[@R7]\]^ Cerebral oxygen saturation, however, decreased after phenylephrine infusion, possibly caused by cerebral vasoconstriction. To our knowledge, there is no previous research describing the hemodynamic effects of lower doses of intravenous phenylephrine infusion during the BCP.

In this study, we evaluated the hemodynamic effect of 2 doses of intravenous phenylephrine infusion (0.5 and 1.0 μg/kg/min) during the BCP for arthroscopic surgery. The primary outcome was incidence of hypotension after the BCP. The secondary outcome was the difference in hemodynamic effects among a control group and infusion groups.

2. Materials and methods
========================

This study was approved by the Institutional Review Board of Inje University Haeundae Paik Hospital (IRB number: 129792-2015-096) and was registered as a clinical trial (clinical trial number: NCT02585570). Written informed consent was obtained from all patients. Sixty-six American Society of Anesthesiologists physical status 1 to 3 patients who were scheduled to undergo elective arthroscopic shoulder surgery in the BCP were enrolled. Patients were excluded if there was a history of significant cerebrovascular disease, cardiac disease (NYHA class ≥3), uncontrolled hypertension, and age \<20 years.

Patients were premedicated with intravenous midazolam (1 mg) before being transported to the operating room. Patients underwent standard monitoring in the operating room in the supine position, including electrocardiogram, pulse oximetry, non-invasive blood pressure, capnography, and bispectral index (BIS). Hartmann\'s solution (6 mL/kg/h) was administered intravenously. The right or left radial artery was cannulated with a 20-guage angio-catheter to monitor invasive arterial blood pressure. The pressure transducer was placed at the level of external auditory meatus.^\[[@R8]\]^ Mean arterial pressure (MAP), stroke volume variance (SVV), and cardiac index (CI) were measured using a Vigileo/Flotrac system (Edward Lifesciences, Irvine, CA). We calculated the total systemic vascular resistance index (TSVRi).^\[[@R9],[@R10]\]^

Pre-induction hemodynamic parameters were measured, and then general anesthesia was induced with intravenous (IV) propofol 2 mg/kg, remifentanil 0.1 μg/kg/min, and sevoflurane 2 to 3 vol%. Rocuronium (0.6 mg/kg) was administered intravenously to facilitate endotracheal intubation. When vital signs were stabilized after endotracheal intubation, hemodynamic values were measured as a post-induction baseline (PIB). After endotracheal intubation, the patient\'s lungs were mechanically ventilated with an oxygen/air mixture (fraction of inspired oxygen of 50%) to maintain the end-tidal carbon dioxide between 35 and 40 mm Hg. Sevoflurane was adjusted to maintain a BIS between 40 and 60.

The patients were allocated into 3 groups (group NS, group LP, and group HP) using a single blinded randomization method. The blocked randomization was performed by using computer software generation. Group NS received normal saline IV infusion (0.3 ml/kg/hr), and Group LP and Group HP received phenylephrine IV infusion of 0.5 or 1.0 μg/kg/min, respectively, for 5 minutes before being placed in the BCP. Five minutes after the start of the IV phenylephrine infusion, patients were placed into the BCP. MAP, heart rate (HR), oxygen saturation, CI, SVV, and BIS were continuously monitored during intraoperative period, and all measurements were recorded every minute for first 15 minute after BCP under no surgical stimulation.

When hypotension (MAP \<60 mm Hg) occurred, ephedrine (5 mg) was administered intravenously to the patients. When severe hypotension occurred with a decreased BIS value (\<20) or increased SVV value (\>30), the patient was removed from the study. When bradycardia (HR \<50 bpm) occurred, atropine (0.5 mg) was administered intravenously.

2.1. Statistical analysis
-------------------------

The sample size was calculated using nQuery Advisor 7.0 program. When effect size was set at 0.3, and power was set at 0.95, the required number of patients for each group was 18. Assuming a drop-out rate of 20%, the final sample size was set at 22 patients per group.

Patients' baseline and clinical characteristics were summarized by subgroups using descriptive statistics. Chi-squared test or Fisher exact test was used to compare categorical variables between groups, while analysis of variance (ANOVA) or Kruskal--Wallis test was used to compare continuous variables between groups. Shapiro--Wilk test was employed for test of normality assumption. Repeated measurement analysis of variance was used to compare repeated measurements in groups and within each group, and the Bonferroni procedure was applied in post-hoc analyses. ANOVA with repeated measures with a Huynh-Feldt correction was used when sphericity was not assumed. Mean ± the standard error of the mean plots were also graphically presented. All statistical analyses were carried out using SPSS version 25.0 statistical software (SPSS Inc, Chicago, IL) and Medcalc (Medcalc Software bvba, Ostend, Belgium). A *P*-value of \<.05 was considered statistically significant.

3. Results
==========

A total of 66 patients were enrolled in this study. A total of 3 patients, however, were excluded because of mechanical malfunction of the Vigileo/Flotrac system (n = 1, group LP) and severe hypotension (n = 2, group NS) after induction of general anesthesia (Fig. [1](#F1){ref-type="fig"}).

![CONSORT flow chart.](medi-99-e20946-g001){#F1}

Patient baseline demographic characteristics and hemodynamic parameters before being placed into the BCP are described in Table [1](#T1){ref-type="table"}. There were no significant differences in these parameters among the 3 groups.

###### 

Patient baseline demographic characteristics and hemodynamic parameters between groups.

![](medi-99-e20946-g002)

The incidence of hypotension was not significantly different between groups (Table [2](#T2){ref-type="table"}). The total incidence of hypotension after placement into the BCP was 93.65% in all patients. The incidence of bradycardia in group HP (66.7%) was relatively high compared with the other groups (10% in group NS and 4.8% in group LP) but was not statistically significant (*P* = .0869). The rescue dose of ephedrine (23.25 ± 15.75, 27.5 ± 13.25, and 23.33 ± 13.90 mg) was not statistically different in group HP, group LP, and group NS, respectively (*P* = .541).

###### 

Incidence of hypotension and bradycardia in patients after the beach chair position.
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Hypotension occurred in the majority of patients within 5 minutes after being placed in the BCP (84.7%, 50/59). The MAP of each group at 1-minute intervals within the first 5 minutes after being positioned in the BCP is described in Table [3](#T3){ref-type="table"}. There was a significant difference in the trends between groups (*P* = .028). The changes between the MAP at 1 minute compared to at the PIB between groups was statistically different (*P* = .014), especially in Group HP (--20.09 ± 21.79 mm Hg) and Group NS (--41.75 ± 18.24 mm Hg), which were different based on post-hoc Dunn test analysis.

###### 

Mean arterial pressure at each time point by group.
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The HR of each group at 1-minute intervals 5 minutes after the BCP are described in Table [4](#T4){ref-type="table"}. There was significant difference in the HR between group HP and group NS 1 minute after BCP by post-hoc Dunn test (*P* = .031). The change of HR at 1 minute compared to PIB was statistically different (*P* = .047), especially in group HP (--14.59 ± 10.05 bpm) and group NS (--9.35 ± 17.08 bpm), which were different based on post-hoc analysis.

###### 

Heart rate comparison between groups in the 5-minute interval after the beach chair position.
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There were no statistically significant differences in CI, SVV, and TSVRi between groups (*P* \> .05). However, when we compared the TSVRi between group HP and group NS, there was a significant difference in the trend (time-group interaction *P* = .0496) (Table [5](#T5){ref-type="table"}). This significance comes from difference in the TSVRi at 1 minute compared to PIB (P = .035). Group HP (--681.5 ± 712.8) and Group NS (--1188.9 ± 794.7) were different by post-hoc analysis. The TSVRi at 1 minute after being placed into the BCP was significantly different between group HP and group NS (*P* = .012).

###### 

Total systemic vascular resistance index values between group HP and group NS.
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PIB MAP was significantly lower (*P* = .0259) in the hypotension group \[n = 59, 96 mm Hg (82.5--106.75)\] than in the non-hypotension group \[n = 4, 122 mm Hg (110.5-- 123.0)\]. There were no postoperative neurological complications in the 3 groups.

4. Discussion
=============

Low dose IV infusion of phenylephrine (0.5 or 1.0 μg/kg/h) did not decrease the incidence of hypotension after placement into the BCP. In this study, hypotension occurred in 93.65% of all patients within 1 minute after being placed in the BCP.

Hemodynamic instability associated with the BCP is mainly caused by a reduction in cardiac preload during general anesthesia.^\[[@R11]\]^ Buhre et al^\[[@R11]\]^ found that 14% of blood volume shifted from the intra- to the extra-thoracic space after raising patients to the sitting position. In the sitting position, venous pooling in the lower extremities decreases the central blood volume. The systemic vascular resistance index is increased after the BCP when the patients are awake, but the TSVRi and blood pressure are decreased after a position change when the patients are under anesthesia. Thus, it is important to increase cardiac preload and the TSVRi. Application of a sequential compression device^\[[@R12]\]^ or stocking^\[[@R3]\]^ can reduce venous pooling in the lower extremities, and reduce hemodynamic derangements after a positional change.

Unlike in previous studies,^\[[@R13],[@R14]\]^ the incidence of hypotension was very high in this study. A reason for this may be that blood pressure was assessed at the external auditory meatus instead of the right atrium, and the incidence of hypotension would be lower if MAP was measured at the level of right atrium as the estimated height between the meatus and right atrium would be 20 cm, resulting in an increase of 14.5 mm Hg in MAP at the right atrium. The MAP, measured at the level of the external auditory meatus, not at the level of the heart, was significantly correlated with the left or right regional cerebral oxygen saturation (rSO2) measured by near-infrared spectroscopy in seated patients for shoulder surgery.^\[[@R13]\]^ This study was performed in a clinical field, so we placed the transducer in the external auditory meatus to prevent cerebral ischemia because we could not measure rSO2. It is not clear that hypotension at the external meatus definitely reflects poor rSO2, however it gives a higher risk of low cerebral perfusion pressure and long-term hypoperfusion can lead to a decrease in rSO2 and subsequent complications. Therefore, the ABP transducer should be placed at the level of the external auditory meatus and not at the level of the heart upon insertion of an invasive percutaneous arterial catheter.^\[[@R2],[@R8]\]^ Further studies should be required for the clinical correlation between MAP at external meatus and rSO2. A second reason is that patients with hypertension or diabetes mellitus were included in this study. Preoperative use of antihypertensive medication was associated with an increased intraoperative hypotension episode.^\[[@R15]\]^ Furthermore, hypotension after induction of general anesthesia is associated with the presence of diabetes mellitus.^\[[@R16]\]^ Third, the dose of phenylephrine in this study is small. As the dose of phenylephrine increases, MAP increases.^\[[@R17]\]^ Phenylephrine, an α1-adrenergic receptor agonist, causes a direct increase in systemic vascular resistances, arterial pressure, and left ventricular afterload.^\[[@R17]\]^

Hypotension occurred most frequently within 1 minute after placement into the BCP. In addition, the cardiac index 1 minute after BCP placement tended to increase compared with baseline CI. This is thought to be due to the increase in cardiac output and decrease in MAP associated with preload-dependency after the BCP.^\[[@R17]\]^ Further evaluation of appropriate fluid loading is necessary.

Although phenylephrine infusion did not reduce the incidence of hypotension, group HP had a decrease in the severity of hypotension. The TSVRi was also higher in group HP compared to group NS 1 minute after placed in the BCP. It seems to effect of afterload due to the continuous infusion of 1 μg/kg/min of phenylephrine.

There was a difference in the post-induction MAP between the hemodynamic variables of the hypotensive group (59 patients) and the non-hypotensive group (4 patients). If the post-induction MAP is less than 96 mm Hg, severe hypotension may occur after postural conversion. In another study, pre-induction CI, SVI, and post-induction SVV before a positional change were potential important prediction factors for the development of hypotension after the BCP.^\[[@R14]\]^ Further research is needed to determine whether post-induction MAP is an indicator of postural hypotension.

There are some limitations of this study. First, many studies have shown that during the BCP cerebral desaturation is mostly involved. Although cerebral oxygen saturation can provide a valuable endpoint when evaluating the effect of vasopressor therapy on cerebral perfusion,^\[[@R7]\]^ we did not measure cerebral oxygen saturation. Cerebral oximetry monitoring of the BCP is difficult to use because it is not covered by insurance in South Korea, and we did not know if these doses (1.0 and 0.5 μg/kg/min) of phenylephrine would preserve cerebral oxygen saturation at an appropriate level during surgery. Second, we did not measure TSVRI using the Flotrac system in this study. To measure SVRI with the Flotrac system, central venous pressure should be measured. However, there was no indication for central venous pressure monitoring in the elective arthroscopic shoulder surgery in this study. Therefore, the TSVRi was calculated in this study.^\[[@R10]\]^ Third, the remifentanil used for anesthesia may have had hemodynamic effects. BP were significantly decreased compared to baseline BP after induction of general anesthesia in normotensive and hypertensive patients.^\[[@R18]\]^

This study has shown that phenylephrine (1 μg/kg/min) can reduce the severity of hypotension but cannot prevent intraoperative hypotension after the BCP. Despite phenylephrine infusion, the incidence of hypotension after the BCP was very high. Careful observation and strict management of blood pressure are still needed in these patients.
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